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Population Size Estimates for the Endangered Iowa Pleistocene Snail,
Discus macclintocki Baker
TAMARA K. ANDERSON 1
Ecology & Evolutionary Biology Program, Iowa State University, Ames, Iowa 50011

Discus macclintocki Baker, the Iowa Pleistocene snail, is a federally endangered species found only on algific talus slopes in northeastern
Iowa and northwestern Illinois. Population size estimates for fourteen D. macclintocki populations in Iowa and Illinois ranged from 182
to 22,125 individuals. Estimates from the program CAPTURE as well as Bayesian estimation procedures gave similar results, although
the Bayesian method allowed estimation of populations that could not be estimated with CAPTURE due to small sample sizes. A
comparison of two methods of sampling, visual counts of quadrats and cover boards, showed that using cover boards resulted in much
higher probabilities of capture and more recaptures. Snail activity was highly variable over time and space, making precise estimation
difficult. Several populations are much larger than previously thought, although it is not clear whether this is due to bias in previous
sampling methods or actual increases in populations since the previous estimates were made.
INDEX DESCRIPTORS:

snail, population estimation, algific slopes, Discus macclintocki, endangered species, Iowa Pleistocene snail.

Discus macclintocki is a glacial relict species found only on algific
(cold-air) talus slopes in northeastern Iowa and northwestern Illinois
and nowhere else on earth. These snails are small (5 to 8 mm in
diameter) and either brown or olive in color. Due to their size, coloration, and the nature of their habitat, they are difficult to sample.
Baker (1928) first described this species from fossils, but it was not
until a scientist discovered Shimek's notes in a museum regarding
live specimens that anyone realized the species might not be extinct
(Pilsbry 1948). Hubricht (1955) rediscovered a live population in
Iowa which eventually renewed interest in the species. Afrer extensive searches (Frest 1981-1987), just over thirty populations are
known to exist today, all located in a unique type of habitat called
algific talus slopes. Largely because of the rarity of their habitat, D.
macclintocki was declared endangered in 1977, and is currently included on both the Iowa (State of Iowa 1988) and the United States
Endangered Species lists (U.S. Fish and Wildlife Service 1993). The
need for conservation and management plans for this species makes
estimates of population sizes especially important.
Algific talus slopes consist of loose, porous rock with underlying
deposits of ice. Cold-air currents circulating through the slopes keep
the talus cool. The temperatures on these slopes stay much cooler
and more consistent than surrounding areas throughout the summer.
In one year, air temperatures measured at ground level on the talus
of one slope ranged from 3 ro 9°C year-round, whereas ground temperatures off-slope measured -1 to + 27°C (Solem 1976). D. macclintocki have a limited temperature tolerance (Frest 1981), so the
restricted temperatures on these slopes are important for the survival
of this species.
The cool air flows out of the talus at vents arranged haphazardly
along the slope, depending on the underlying openings in the rock.
The snails are found in areas with suitable temperature, moisture,
and vegetation, and are active at the surface where they feed and
mate. They prefer vegetation consisting of deciduous leaves, and tend
1 Current address: 1627 S. Summit, Newcastle, Wyoming 82701.
tander@trib.com

to avoid mossy areas and areas covered by yews, which are common
on these slopes (Solem 1976, Frest 1981). These preferences make
for an extremely uneven distribution of individuals on the algific
area. The portions of the slopes with cold-air drainage are themselves
often small and separated, so distribution over the whole slope is
distinctly patchy.
Studying population dynamics of terrestrial snails presents a challenge to malacologists. The difficulties include: extreme variability
in microhabitat (and therefore species density) from quadrat to quadrat, low densities, and little movement between sampling times
(Goodhart 1962, Ausden 1996). Malacologists have used a variety
of sampling methods in their studies including transects (Goodhart
1962), grab samples (Van Es and Boag 1981, Locasciulli and Boag
1987), wooden cover boards (Leonard 1959, Boag 1982, Ostlie 1992,
1993), and, the most common method, visual searching of a grid or
quadrat (Cain and Currey 1968, Williamson et al. 1977, Cowie
1984, Baur and Baur 1990). However, factors such as night-time
movements, very slow dispersal rates, and excellent camouflage make
visual location difficult (Tomiyama and Nakane 1993). Multiple approaches are rarely used in the same malacological study, so comparisons of population size estimates from different methods can be
difficult (although see Williamson et al. 1977, Kuznik 1997, Oggier
et al. 1998).
No papers have been published on the census of Discus macclintocki
and most of the previous information is found only in progress reports. Population sizes for most populations of D. macdintocki were
previously estimated by extrapolating from their densities in grab
samples taken as part of studies which surveyed the snail community
in the early 1980s (Frest 1981-1987). Due to the extreme patchiness
of the areas where snails are found, estimates from grab samples are
difficult to replicate. In addition, grab sampling is not desirable in
the algific talus habitats where removing talus can destabalize the
slope, causing minor rockslides or compacting the soil and potentially killing many of the snails or destroying valuable habitat (Ostlie
1993).
In 1992, Wallendorf and Clark conducted a mark-recapture study
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of one population using basswood (Tilia americana) cover boards
placed on the surface of the algific slopes as "trapping stations". One
advantage of this method is the ease with which snails can be viewed
as they collect on the underside of the boards. The boards provide
an attractive microhabitat for the snails, keeping them at the surface.
However, this method is labor intensive, since large numbers of
boards must be hauled to these steep slopes. In addition, some evidence suggests that leaving boards on the slopes for extended periods
of time reduces the snail populations under the boards (Wallendorf
and Clark 1992).
To combat these problems, I used quadrat sampling, where workers visually searched each sampling plot for snails. This method eliminated potential bias and habitat disturbance from the boards. In
addition, I used cover boards on a subset of slopes ro determine
differences in the effectiveness of the two methods.
Sampling difficulties also affect the model used to obtain a population estimate. Snails and other invertebrates are sensitive to climactic variables, so their capture probability is not constant (Ausden
1996). The population estimation method used must take this into
account. The program CAPTURE (White et al. 1978) includes a
variety of models in which capture probability can vary over time,
habitat, and individuals' behavior. However, large sample sizes are
needed in order to get precise estimates (Otis et al. 1978). An alternative method of population estimation which does not require
large numbers of recaptures is to use prior probabilities (from earlier
captures) to calculate the probability of obtaining the observed data
for specific population sizes (Gazey and Staley 1986).
In this study, I examined the population dynamics of Discus macclintocki using two sampling methods, quadrat sampling and cover
boards. In addition, two different mathematical methods for estimating population sizes are evaluated. I estimate the population size
and dispersal rates for fourteen populations and discuss the spatial
and temporal variation associated with this species.

METHODS
In June of 1997, I marked out 0.5 X 0.5 m quadrats at 2 m
intervals on twelve algific talus slopes in northeastern Iowa. Each
slope (population) contained a total of twenty quadrats in which
snails were counted. (The one exception is a large slope, #99, on
which three distinct algific areas exist. On this slope, I set up ten
quadrats in each of the three areas, referred to as B, C, and X. The
estimates for each area were calculated separately.)
At each quadrat, I searched for D. macclintocki in the surface litter
for three minutes, taking care to minimize the disturbance of the
underlying loose rocks. Snails found during the search time were
marked either with white fingernail polish and an individual number
written in ink or with a uniquely colored and numbered bee tag
(BeeWorks, Inc.) glued to the shell with superglue. The snails were
then replaced in the quadrat where they were found.
In order to compare my results with those of a previous study
(Wallendorf and Clark 1992) which used sampling boards instead of
searching quadrats, I also used sampling boards on a subset of slopes.
Weathered basswood (Tilia americana) boards (0.5 X 0.25 m) were
placed adjacent to (< 2 m from) the quadrats. At these points, I
marked any individuals which were discovered under the boards.
These snails were readily visible, either attached to the board itself
or at the surface of the ground underneath, so I did not spend three
minutes searching at these points. Marking and handling was identical to the snails found at the quadrats.
I visited each site a minimum of four times over the summer with
a minimum of two days between visits. In order to test for independent sampling, I plotted captures according to quadrat location on
semivariograms using the GSLIB Geostatistical Software package
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(Deutsch and Journel 1992). On each sampling occasion, I counted
new individuals and recaptures. Locations of the recaptured individuals were noted and compared to the locations of the previous capture
to determine the amount of movement occurring within the populations.
For each slope, I measured the minimum area which included all
of the sampling quadrats. Due to the geometrical arrangement of
the sampling quadrats and the unique structure of each slope, the
sampled areas are not the same on each slope. I also estimated the
total algific area (i.e., potential snail habitat) on the slopes by measuring what appeared visually to be habitat of similar structure to
that where the snails were sampled. Estimates were made of areas
where direct measure was not possible (i.e. cliff faces). Dry areas or
areas with undesirable vegetation were not included as total habitat
available. If the snails are able to use these areas as well, the total
population estimates would be underestimates. On two slopes (207
and 246) where I had not made measurements of total available
habitat, I used estimates by Frest (1985a, 1985b).
The data were compiled and analyzed using the program CAPTURE (White et al. 1978). CAPTURE uses the probability of recapturing marked individuals to estimate the total population size
over the area sampled under a maximum likelihood model (White
et al. 1978). Depending on the model chosen, the trapping probability can be estimated as constant over the entire sampling period
(null model) or variable. The trapping probability may be variable
due to differences in resighting probability between sampling times
or different behaviors of individual animals or some combination of
these (White et al. 1978).
In contrast to Chao's model, Gazey and Staley's (1986) method of
population estimation uses prior probability methods to calculate the
probability of obtaining the observed data for specific population
sizes (Gazey and Staley 1986). Bayesian methods such as this can be
useful with small sample sizes (Gazey and Staley 1986). I used this
approach to calculate the estimated mean, minimum, and maximum
population sizes.
The estimates of population size in the quadrats (from both methods) were then extrapolated to the entire habitat area by multiplying
the sample-size estimate by the proportion of the total habitat area
that was sampled. For these calculations, I assumed that the area
sampled effectively included the area within the quadrats, between
the quadrats, and a small border around the edge of the transects
(up to 0.5 m which is less than half the distance between quadrats)
when this border contained similar habitat.

RESULTS
CAPTURE gave high support for Chao's M(th) (Chao 1987) model (e.g., normalized selection criteria value = 0.83 for both slopes
33 and 99B) for the populations on which the model selection criteria could be run. The M(th) model assumes the trapping probability varies with time (t) and individual animal (h). Three of the
populations had too few recaptures and the program could not compute the null model results, so the model selection criteria could not
be tested. I decided to use the same model on all populations, and
the model with the highest uniform support was M(th). This is a
realistic assumption of what is occurring in the snail populations,
because micro-scale environmental conditions determine whether the
snails are active at any particular time or location and individuals
differ in their activity (pers. obs.).
Chao M(th) estimates of the population sizes of the sampled areas
range from 59 to 2,333 (Table 1). Gazey and Staley estimates range
from 76 to 2,973 (Table 2). Minimum sample sizes as determined
from Gazey and Staley's Bayesian method are given in Table 2. Estimates for each population from both methods (Bayesian and Chao
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Table 1. Estimates of the population size in the areas sampled using Chao's M(th) method. These estimates are extrapolated to
obtain total population estimates over the entire habitat area shown in Table 3. Population sizes could not be estimated for all
slopes with this method due to the small sample sizes and low recapture rates. Slope numbers refer to numbers assigned in
original reports by Frest (1981-1987). Slope 99 is divided into three distinct areas B, C, and X which were studied separately.
Probability of capture (p) is the probability of capture taken from the average p from all capture occasions calculated by Chao's
M(th) model. Confidence intervals (Cl), total number of snails captured (n), number of snails recaptured (r), percentage of
individuals recaptured (%r), and number of sampling occasions at that site (s) are also listed.
Slope number

Chao's M(th)
405
59
149
101
296
367
100
432
136
70
not estimated
157
90
not estimated
539
570
654
75
831
1,874
2,333
not estimated

297
207
103
247
120
99B (total)
(boards only)
(quadrats only)
99C (total)
(boards only)
(quadrats only)
99X (total)
(boards only)
(quadrats only)
62
98
121 (total)
(boards only)
(quadrats only)
33
119
246

(SE, 95% Cl)
(326, 117-1,667)
(45, 24-247)
(73, 71-393)
(96, 30-516)
(171, 120-886)
(63, 272-528)
(15, 80-144)
(187, 209-1,008)
(42, 85-263)
(19, 48-131)
(37, 110-267)
(19, 68-152)
(540, 125-2,829)
(270, 256-1,418)
(115, 478-937)
(15, 57-119)
(252, 486-1,521)
(411, 1,252-2,901)
(964, 1,111-5,152)

Table 2. Means, minimum, and maximum population sizes for
the sampled area calculated using Bayesian method from Gazey
and Staley (1986). Slope numbers refer to numbers assigned in
original reports by Frest (1981-1987). Slope 99 is divided into
three distinct areas B, C, and X which were studied separately.
Only snails observed in quadrats were considered for these
analyses. These estimates are extrapolated over the entire potential habitat area to obtain the estimates in Table 3.
Slope
297
207
103
247
120
99B
99C
99X
62
98
121
33
119
246

Mean

Minimuma

Maximum a

135
76
100
107
216
771
230
1,074
704
740
1,378
1,832
2,787
2,973

78
28
53
32
132
330
30
225
192
347
700
1,320
1,325
815

182
138
171
231
281
1,210
880
1,825
1,292
1,216
2,500
2,500
5,100
4,850

a These values correspond to the 95% confidence intervals as determined visually from graphs.

%r

s

2
1
5
1
3

6.25
0
14.29
6.25
6.67

5
4
6
4
5

63
69

30
6

47.6
8.70

8
8

0.105

35
14

8
0

22.86
0

8
8

0.230

56
19
34
78

22
0
1
4

39.29
0
2.94
5.13

4
4
6
6

44
142
297
175
47

11
11
23
6
0

25.00
7.75
7.74
3.43
0

6
6
7
6
5

p

n

0.016
O.Q78
0.047
0.043
0.032

32
16
35
16
45

0.156
0.023

0.010
0.022
0.127
0.030
0.024
0.013

r

M(th)) are plotted against one another in Figure 1. Although Bayesian estimates tend to be higher, the slope of the regression line is 1,
indicating the methods hold the same relationship over the range of
population sizes found in this study.
The population estimates from these data extrapolated over available habitat are compared to previous estimates from Frest (19811985) (Table 3). The sampled areas, along with the total suitable
snail area, are given in Table 3.
Overall capture probabilities were much higher for the boards
than for the quadrats (0.127 vs. 0.03 on slope 121; 0.156 vs. 0.023
on 99B). Snails were also recaptured at much higher rates under the
boards than in the quadrats (25.0%, 47.6%, 39.29%, and 22.86%
vs. 7.75%, 8.70%, 0%, and 0%). A comparison of board and quadrat
captures for slope 99 is shown in Figure 4.
Movement
The snails moved very little during the survey. The percentage of
recaptured snails that moved between quadrats was 0.13% on slope
33, 0.09% on slope 121, 0.17% on slope 119, and 0.05% on 99X
(between boards). The longest recorded movement was 8 meters.
Table 4 lists the individuals that moved, how far away from their
original location that they were subsequently found, and their speed.
Low inter-sample movement rates mean that the assumed sampled
area is not underestimated, because few snails even moved to the
next quadrat.
Variability in time and space
Snails were not evenly distributed on all of the slopes. On some
slopes, captures occurred only in a few quadrats, whereas other slopes
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ing studies using boards, where the recapture rate was 54% (Ostlie
1992). The total number of individuals under the boards also appeared to be more consistent than the number in the quadrats (Fig.
4). These behaviors suggest that the snails are more likely to come
to the surface under a board than in an open quadrat, and once under
a board, they are more likely to remain under a board. The snails'
behavior is likely due to the boards maintaining cover over the area
and aiding in moisture retention on the ground. In effect, the snails
were "trap happy", a classic problem in population estimation. Because the estimates are based on the proportion of captures which
are recaptures, this could severely bias the population estimates to
be lower than the actual population size (White et al. 1982).

Comparison of Population Estimate Methods

Comparison with past estimates of Discus macclintocki
population size
500

1000

1500

2000

2500

3000

Poputatlon &tlmate U..ng Chao's M(th)

Fig. 1. Relationship between mean population estimates of the sampled area obtained from two different statistical methods (Chao's M(th)
and Gazey and Staley's Bayesian methods). The solid line represents
the relationship between the estimates (y = l.12x + 67.59, r 2 = 0.95,
p < 0.05). The dashed line represents a 1:1 relationship between the
two methods. The data points correspond to the eleven slopes (or
areas) which have estimates available from both methods using quadrats only (Tables 1 and 2).

showed a more even distribution of captures (Fig. 2). Semivariograms
showed no relationship between number of captures and capture location (Fig. 3). Figure 4 shows the total captures at each sampling
time on slope 99 where boards and quadrats are treated separately.
Notice the variability in number of captures between sampling
times.
DISCUSSION
Comparison of population estimates using different models
The population estimates calculated in this study show large confidence intervals which is expected given the small sample sizes and
low numbers of recaptures. Although CAPTURE estimates tend to
be biased low with small sample sizes (Koper and Brooks 1998), all
of the Bayesian estimates fell within the standard errors of the Chao
M(th) estimates for populations where both estimates were available
(Table 3 and Fig. 1). Because the Bayesian method does not require
large sample sizes, it was able to estimate population sizes for 99C,
99X, and 297 where the Chao estimator did not have enough data
to generate an estimate.
Difficulties do exist with the Bayesian methods. As pointed out
in Chao (1989), estimates calculated using the method of Gazey and
Staley (1986) can be influenced by the assumed size of the prior
distribution and is especially sensitive to the length of the tails of
the distribution curve. I minimized the tails by running test distributions ro find a suitable range as Gazey and Staley suggest (1986)
ro minimize this problem.
Cover boards versus quadrat sampling
Overall estimates from the boards and quadrats are not directly
comparable because fewer boards were used than quadrats. However,
sampling boards produced very different dynamics in the snails' behavior and trapability. Capture probabilities were much higher for
the boards than for the quadrats and snails were recaptured at much
higher rates under the boards than in the quadrats. The recapture
rates under boards (23-48%) are consistent with previous monitor-

No standard errors are available for Frest's population size estimates, so traditional significance testing is not possible. However,
eight of twelve of my estimates are much higher than his estimates
(Table 3). Using a sign test, my estimates as a group are not significantly higher than Frest's estimates as a group (p = 0.121). This
sign test does not test for significant differences between pairs of
estimates, but rather whether more than an expected number of estimates from one method are larger than another method. Thus,
neither Frest's nor my method can be considered uniformly biased
in one direction.
Some of the differences can probably be explained by the structure
of the particular slope on which the populations exist. For example,
slope 247 consists of a small patch of talus and a large overhanging
cliff with very little vegetation, which could not be sampled. The
potential snail habitat was calculated only as the talus area and the
area at the base of the cliff where many shells and a few live snails
were found. However, Discus macclintocki has been found living in
cracks in bare cliff faces on other slopes (pers. obs.). If the entire cliff
face is counted as habitat, the estimate would be greatly increased.
Thus, a large amount of variance in my estimates is probably due to
area effects.
The assumed sample area (calculated from the area which is covered by the quadrats) may be larger than the actual area sampled
because movement is limited (at least at the surface), but, in that
case, these population estimates would be underestimates of the true
population size. In addition, with such low rates of movement, it is
unlikely the assumed area sampled is underestimated. Therefore, the
assumed area sampled is probably appropriate for minimum population size estimates.
Population estimates for four slopes are smaller than those ofFrest,
which is likely due to the large habitat areas given by Frest. Frest's
area estimate (52,000 m 2 ) is larger than my estimate (300 m 2 ) for
slope 297 (the only slope where both estimates are available). It is
likely that Frest was estimating the entire hillside area rather than
just suitable habitat area. In that case, I would have underestimated
the total population size since the area I sampled actually represents
a larger proportion of useable habitat than I assumed when extrapolating my data to the whole slope.
Wallendorf and Clark (1992) used sampling boards for their markrecapture study on slope 99 (encompassing the three separate areas
B, C, and X). Their population estimate from CAPTURE of205,000
(95% c.i. = 47,000 to 885,000) is significantly higher than the
estimate from my study. However, they assumed uniform density
over the entire slope area to obtain this value. The assumption of
uniform density is not realistic, as can be seen from the results from
the estimates from the three distinct sections (areas B, C, and X)
sampled on slope 99. Extrapolating a high density over areas which
do not contain many (if any) snails would result in a higher estimate.
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Table 3. Comparison of total population estimates from this study and those previously reported by Frest (1982, 1985, 1986).
The estimates in the first two columns are calculated by extrapolating estimates (Tables 1 and 2) for the sampled area over the
total potential habitat area. Confidence intervals (Cl) are also extrapolated from the confidence intervals in tables 1 and 2. Slope
numbers refer to numbers assigned in original reports by Frest (1981-1987). Slope 99 is divided into three distinct areas B, C,
and X which were studied separately. Slopes marked with - could not be estimated under Chao's M(th) model.

Population
297
207
103
247
120
99total
99B
99C
99X
62
98
121
33
119
246

Chao M(th)
(95% Cl)
810
22,125
298
182
740

(234-3,334)
(9,000-92,625)
(142-786)
(54-929)
(300-2,215)

941 (455-2,196)
981
1,629
11,946
20,698
21,602

(228-5' 150)
(731-4,051)
(6,986-21,864)
(13,828-32,041)
(10,287-47,704)

Bayesian
(95% Cl)
270
28,500
200
193
540
18,667
1,680
4,262
19,690
1,282
2,114
19,809
20,234
25,806
297,300

Frest's estimates

(156-364)
(10,500-51,750)
(106-342)
(58-416)
(330-703)

Area
Sampled
(m2)

Potential
Snail Habitat
(m2)

150
80
69
70
186

300
30,oooa
138
126
465

157
77
36
78
84
72
67
108
150

342
1,427
660
142
240
1,035
740
1,000
1s,ooob

4,000-6,000
2,000
2,000
500
4,000
2,000

(719-2,636)
(556-16,308)
(4,125-33,458)
(350-2,352)
(991-3,474)
(10,063-35,938)
(14,579-27 ,612)
(12,269-47 ,222)
(81,500-485,000)

400-600
1,000
2,000
600-1,000
2,000
1,000

a Slope size estimate from Frest (1983)
b Slope size estimate from Frest (1985)

Using their density estimate of 86 individuals per m 2 over the total
area I sampled on slope 99 (270 m 2), results in a population estimate
of 23,220 individuals which is still much larger than the Bayesian
maximum estimates for the three areas (B, C, X) combined (3,915
individuals).
Capture probabilities varied considerably among slopes (as well as
among the three areas of slope 99) so an estimate of the average
density of snails is inappropriate for the entire slope. Population size
estimates for the sampled area divided by sample area (surface area
only) give results ranging from 0.74 individuals per m 2 on slope
207 to 28.07 individuals per m 2 on slope 33. Wallendorf and Clark
(1992) recorded average densities of Discus macclintocki of 86 individuals per m 2. Discus cronkhitei Newcomb, a sister species of D. macclintocki, has been found in densities as high as 48.9 per m 2 (Van Es
and Boag 1981). Densities of terrestrial snails vary with species and
habitat and ranges from 0.1-1.5 Cepaea nemoralis per m 2 (Greenwood
1974) to 794 Chondrina clienta per m 2 (Baur 1988) and everywhere
in between (Goodhart 1962, Woodruff 1978, Cowie 1984, Baur and
Baur 1990, Pfenninger et al. 1996). Due to the large range in snail
densities, it is impossible to conclude whether D. macclintocki is
found at a lower density than expected.
Movement
Very few snails (less than 0.2% on any particular slope) moved to
a different quadrat or board during this study. This low movement
probability is typical for snails; for example, Schilthuizen and Lombaerts (1994) found that 90% of adult Albinaria corrugata, which
also resides in a patchy habitat, moved less than 2 m. Of the Discus
macclintocki that moved in this study, the most common rate of movement was 0. 7 m per day. These rates are similar to the rates of
movement in a study by Ostlie (1992) in which Discus macclintocki
moved up to 1 m per week which is not unusual for other snail

species (Goodhart 1962, Woodruff 1978, Baur 1988, Pfenninger et
al. 1996, among others). Although movement is rare in D. macclintocki, evidence from genetic studies indicates that gene flow within
a slope does occur (Ross 1999).
Table 4. Individuals that were recaptured at a quadrat or
board other than where they were initially captured and where
they moved. Note that these are maximum rates of movement
based on single events. Caution should be used in extrapolating
these rates to longer time periods. Actually, the rates would be
much lower if figured as distance moved over the entire time
observed and in fact for most individuals in the study, movement was zero.
Distance Moved
Between Capture/meters

Rate/meters
per day

Slope 33
#97
#60
#112

2.8
8.0
2.0

0.029
0.086
0.667

Slope 121
#53

2.0

0.667

Slope 119
#53

2.0

0.667

Slope 99X
#R32 movement a
movement b
#R80

2.0
2.0
2.0

0.667
0.667
0.667

Individual
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Fig. 2. Histograms of number of initial captures at each different
quadrat on slopes 103, 119, and 120. Quadrat numbers refer to the
identification of the particular quadrat and are not necessarily arranged
linearly, so quadrats adjacent to one another on the graph are not
necessarily adjacent in space. Some slopes showed a clumped distribution of captures (A), while others showed an even distribution (B,
C). For histograms of all of the slopes, see Ross (1998).

G)

·e
G)

Cl)

Spatial and temporal variation
Snails are not uniformly distributed across algific talus slopes. On
some slopes most of the initial captures are from just a few sampling
sites (Fig. 2). This may reflect an aggregation of snails into colonies
as suggested by Frest (1984), or the snails may only be more uniformly distributed beneath the surface and are funneled to the surface
at certain places, i.e. those areas cooled just enough by air flow from
vents or with sufficient vegetation to maintain desirable humidity
levels.
Semivariograms show no consistent relationship between number
of captures and capture location (Fig. 3). Semivariograms measure
the relationship between the variation (semivariance) of some item
of interest (in this case the number of initial captures at one point,
and the same item of interest at points at increasing distances,
termed lag distances, from that point. Lag distances ranged from
two meters (the distance between the quadrats in this study) to six
meters, for this analysis. If samples were spatially non-independent,
the semivariograms would show a slowly increasing slope. Instead,
most semivariograms show rapid increases before leveling off (Fig.
3A, B), which means there is no relationship. Therefore, the individual quadrats can be considered independent.
Semivariograms from three slopes (246, 103, and one transect of
297) seem to show a slight spatial relationship, indicating that on
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Fig. 3. Semivariograms showing the relationship of the number of
captures at each quadrat compared to the number captured at quadrats
at the lag distances shown. Most slopes showed patterns suggesting
there was no spatial relationship (A, B). A few slopes seem to show a
slight spatial relationship (C). For semivariograms of all of the slopes,
see Ross (1998).

some slopes captures are concentrated in smaller areas than the entire
area sampled. No single pattern is seen on all of the slopes, reinforcing the idea that each slope has a unique arrangement of vents
and desirable vegetation.
I sampled movement in a horizontal plane (parallel to the surface),
however vertical movement could also affect the distribution of the
snails. Locasciulli and Boag (1987) found snails in forest litter tended
to move upward in the summer. Boag (1985) found that humidity
level is the most important factor regulating the presence of snails
above the litter. However, in that study, 67% of the Discus cronkhitei
(a close relative of Discus macclintocki) were found deeper than 5 cm
from the surface. If only a small portion of the snail population is
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as is evident in the following anecdotal example. In May and June
of 1996, I observed ten Discus macclintocki on slope 99 marked in a
1991 study where 122 adults were marked with fingernail polish in
unique color patterns (Ostlie 1992, Wallendorf and Clark 1992).
However, during 1997, I observed only one snail from that study,
and it was not one of the individuals observed in 1996. Long-term
monitoring is necessary to determine just how much snail populations fluctuate. Therefore, it is difficult to attribute larger population
estimates in this study to actual population increases.
Conclusion
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Fig. 4. Plots of the total number of individuals captured at each sampling occasion on slope 99. Snails caught under boards and those
found in quadrats are displayed separately.

active at the surface at any one time and only at desirable locations,
then the boards and quadrats could be measuring only a very small
fraction of the actual population. If this is the case, the population
estimates given here could be severe underestimates of the actual
populations.
Temporal variation in activity levels is also extremely important
in these populations. Both day-to-day and year-to-year fluctuations
in presence/absence are evident. Many factors could influence this
result including moisture levels and temperature over the season. In
a study of habitat variables associated with the presence of D. macclintocki at a board, Ostlie (1992) showed the number of individuals
at each board varied over time and with temperature, but the peaks
of activity were not the same over the entire slope. Although, Wallendorf and Clark (1992) found no difference in the number of snails
captured at temperatures between 6 and 12°C, these temperatures
are below the temperature ( 15 .6°C) at which Ostlie ( 1992) noted
reduced activity. The patterns of variation in activity are not consistent among slopes, further emphasizing the uniqueness of each slope.
Year-to-year variation in population size was formerly attributed
to population decline. For example, Frest (1984) compared population sizes between years at five slopes and found three of them to be
lower in the second year. However, fluctuations between sampling
occasions in this study suggest year-to-year variation could be a normaI occurrence if sampling is not done on multiple days each year.
Even individual snails may vary in their activity from year to year,

Snails live at much finer spatial scales than what is generally recognized by researchers. Spatial heterogeneity in microhabitat conditions can have a large effect on whether a snail is present or absent
in one area or another, even within a slope. Although assuming
habitat uniformity even within "snail habitat" tends to overestimate
the population, it is clear that sizeable populations exist at all of
these sites. Estimates presented here are probably biased low due to
error in estimates of potential habitat, trap-happy snails, and the
inability to monitor snails underground. Population sizes appear
much larger at most sites than previously thought, although it is
not clear whether this is due to bias in previous sampling methods
or actual increases in populations since the previous estimates were
made. Despite the difficulties in sampling, this study provides valid
minimum estimates which will serve as baseline data for monitoring
efforts and future studies of Discus macclintocki. Surveys with wider
coverage over a longer time period may result in more precise population estimates. Future monitoring should be conducted with consistent area estimates and sampling methodology such as that outlined in this study, in order to make comparisons with these data.
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